Ascending 5-HT projections from the median raphe nucleus (MRN) 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) before the training sessions also reduced the amount of freezing and the fear-potentiated startle. Freezing is a prominent response of contextual fear conditioning, but does not seem to be crucial for the enhancement of the startle reflex by explicit aversive cues. As fearpotentiated startle may be produced in posttraining lesioned rats that are unable to freeze to fear contextual stimuli, dissociable systems seem to be recruited in each condition. Thus, contextual fear and fear-potentiated startle are
As the MRN projects to the hippocampus and amygdala, the role of this raphe nucleus in fear conditioning to explicit cues remains to be explained. Here we analyzed the behavior of rats with MRN electrolytic lesions in a contextual conditioning situation and in a fearpotentiated startle procedure. The animals received MRN electrolytic lesions either before or on the day after two consecutive training sessions in which they were submitted to 10 conditioning trials, each in an experimental chamber (same context) where they received foot-shocks (0.6 mA, 1 sec) paired to a 4-sec light CS. Seven to ten days later, the animals were submitted to testing sessions for assessing conditioned fear when they were placed for five Reprint requests to: Prof. M.L. Brandfio, Laborat6rio de Psicobiologia, FFCLRP, Campus USP, Av. Bandeirantes 3900, 14049-901, Ribeiro Preto, SP, Brazil; mbrandao@usp.br shocks, and the duration of contextual freezing was recorded. The animals were then submitted to a fear-potentiated startle in response to a 4-sec light-CS, followed by white noise (100 dB, 50 ms). Control rats (sham) 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT) before the training sessions also reduced the amount of freezing and the fear-potentiated startle. Freezing is a prominent response of contextual fear conditioning, but does not seem to be crucial for the enhancement of the startle reflex by explicit aversive cues. As fearpotentiated startle may be produced in posttraining lesioned rats that are unable to freeze to fear contextual stimuli, dissociable systems seem to be recruited in each condition. Thus, contextual fear and fear-potentiated startle are
INTRODUCTION
Fear conditioning to context can be reliably evaluated by the amount of freezing behavior that animals display when they return to the context in which they received footshock and fear-potentiated startle by the increase of the startle reflex in the presence of an explicit cue paired with shock (Brown et al., 1951; Kim & Fanselow, 1992; Davis, 1992; Philips & LeDoux, 1992 McNish et al., 1997) . The hippocampus and amygdala have been the targets of considerable dispute over which structure is mainly involved in the conditioned fear to contextual (background) or explicit (foreground) stimuli (Kim & Fanselow, 1992; Philips & LeDoux, 1992 McNish et al., 1997) . Lesions of the amygdala have been shown to block contextual fear conditioning and fear-potentiated startle, whereas lesions of the dorsal hippocampus inhibit only contextual fear conditioning (Kim & Fanselow, 1992; Philips & LeDoux, 1992 McNish et al., 1997) .
Median raphe nucleus (MRN) fibers mainly ascend within the medial forebrain bundle in the forebrain, where they project densely to the medial septum and hippocampal formation (Vertes et al., 1999) These neural circuits reportedly encompass the serotonergic behavioral inhibition system (Gray, 1997; Gray & McNaughton, 2000) . The MRN also sends projections to the amygdala (Azmitia & Segal, 1978; Gray & McNaughton, 2000) . (Graeff & Silveira-Filho, 1978 (Avanzi & Brand,o, 2001 (Blier & Montigny, 1987; Hillegaart & Hjorth 1989; Hillegaart, 1990 The coordinates used in this study were consistent with those of previous studies demonstrating the behavioral effects of 8-0H-DPAT injections and lesions in this area (Avanzi et al., 1998; Avanzi & Brand,o, 2001) . At the end of the surgery, 120.000 U.I. of penicillin G benzathine was given intramuscularly.
Surgery
Apparatus and procedure
The animals were anesthetized with tribromoethanol (250 mg/kg, i.p.) (Aldrich, USA), which produces a smooth anesthesia in rodents, with a low rate of morbidity and mortality (Papaioannou & Fox, 1993 Fig. 3 (right (Graeff & Silveira-Filho, 1978; Gray, 1987; Hillegaart & Hjort, 1989; Hillegaart, 1990) . One pathway that has been proposed to be responsible for these responses is the efferents from this nucleus that reach mainly the septum and hippocampus, via the medial forebrain bundle (Bobillier et al., 1975; Bobillier et al., 1976; Geyer et al., 1976; Molliver, 1987; Vertes et al., 1999) . In line with the present findings, a lack of Pavlovian association between context and footshock was also observed when the hippocampus was lesioned before conditioning (Philips & LeDoux, 1992) .
Thus, MRN-hippocampus pathways may be critical for the retention of contextual fear conditioning, but not for all associative fear memories. In fact, the hippocampus is widely believed to be essential for learning about context in which conditioning occurs (Maren et al., 1997; Maren & Holt, 2000; Gewirtz et al., 2000; Fanselow, 2000) . On the basis of this and much other evidence, it has been suggested that these pathways are part of the so-called behavioral inhibition system (Gray, 1987) . In accordance with this proposal, electrical stimulation of the MRN suppresses positively reinforced operant responses, and at the same time elicits crouching, defecation, micturition, piloerection, and other symptoms that are characteristic of emotional behavior in the rat (Graeff & Silveira-Filho, 1978) . The septo-hippocampal system seems to be mainly related to initiation and maintenance of the proper functions that are necessary for coping with stressful situations, as well as to freezing behavior (Hillegaart & Hjort, 1989; Maren, 1997 , De Almeida et al., 1998 Maren & Holt, 2000; Gewirtz et al., 2000; Fanselow, 2000) .
In (Avanzi & Brand,o, 2001) . Therefore, the fear responses generated in these two types of test have distinct neural substrates, the neurobiological bases of which remain to be described. A possible explanation emerges from the observation that the responses of freezing, arousal, and increased attention generated during anxiety-related processes can be organized by distinct circuits (Gray, 1987 (Gray, , 2000 Davis et al., 1994; Campeau & Davis, 1995; Philips & LeDoux, 1994; McNish et al., 1997) .
Some have argued that the selection of the appropriate response to threatening situations produced by learned cues from the animal's repertoire is dependent on forebrain structures, particularly the amygdala (Davis, 1992 (Davis, , 1994 Fanselow et al., 1995) . The amygdala plays a crucial role in the acquisition and expression of fear to the conditioned stimulus and is the interface between sensory systems that carry information about the CS and UCS, and different motor and autonomic systems that control conditioned reactions (Davis et al., , 1994  LeDoux, 1995; Fendt & Fanselow, 1999) . Our present findings have obvious implications for the understanding of the functioning of the sensorymotor interface existing in the amygdala. Indeed, besides the well-known projections to the hippocampus and septum, fibers from the MRN branch off as they course through the medial forebrain bundle and continue through the internal capsule into the amygdala (Nieuwenhuys, 1985) . Although freezing is a prominent response for the contextual fear conditioning, which seems to be regulated by MRN-hippocampus pathways, freezing does not seem to be crucial for the amygdala-dependent enhancement of the startle reflex by explicit aversive cues.
Conditioned freezing to background stimuli has been shown to be time-dependent (Kim & Fanselow, 1992 Actually, the temporally restricted role of the hippocampus in memory storage has already been proposed because conditional fear to contextual cues of the experimental chamber, as assessed by freezing, was disrupted when hippocampal lesions were made day, but not week, after conditioning (Kim & Fanselow, 1992) . On the other hand, the acquisition of the aversive information in the fearpotentiated startle test does not seem to recruit the same mechanisms because MRN lesions made one day after the training do not affect this response.
One possibility that emerges is the occurrence of a rapid transfer of information through MRNamygdala connections. Other findings indicating different neural substrates for conditioning to background and foreground stimuli have also been reported. Indeed, in a series of experiments that examined the effects of variations in US intensity on conditioning to explicit and contextual stimuli, it was observed that at low intensities of the US, conditioning developed only to the explicit CS, whereas contextual conditioning required higher US intensities (Philips & LeDoux, 1992) . It seems that the MRN may play some role in selecting which of the pathways originated therein is particularly relevant to the available environmental stimuli, whether they are contextual or explicit cues.
For auditory stimuli, the CS is transmitted through the auditory system to the medial geniculate body and from there to the lateral nucleus of the amygdala (Philips & LeDoux, 1992) . The amygdala may also receive sensory information from several sources that act in parallel, such as the perirhinal cortex for visual stimuli or the temporal cortex for auditory stimuli (Campeau & Davis, 1995; LeDoux, 1995; Fendt & Fanselow, 1999) . In support of its involvement in the production of fear responses, amygdaloid lesions reduce or abolish performance of virtually all measures of conditional fear, including freezing behavior (Blanchard & Blanchard, 1972; LeDoux et al., 1988) , potentiated startle (Hitchcock & Davis, 1986) and analgesia (Helmstetter, 1992) .
Taken together, the data presented here show that while pre-training lesions of the MRN disrupt contextual freezing and fear-potentiated startle, post-training lesions inhibit freezing to the contextual CS without changing the fearpotentiated startle. Therefore, freezing seems to be a prominent response for the contextual fear conditioning but not for the fear-potentiated startle. Because pre-training injections of 8-OH-DPAT into the median raphe nucleus preclude fear responses in the contextual fear conditioning and fear-potentiated startle, 5-HT mechanisms appear to be involved in the acquisition of aversive information in both situations. Nevertheless, this nucleus is not involved in the fear conditioning to tone, as previously shown by work performed in this and in other laboratories.
